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Abstract: Objectives: Our aim is to develop a score that may help in ceduthe misuse of antibiotics in treatment of
urinary tract infection before appearance of udnkure.Background: The need for reducing unnecessary antibioticitneat

is being emphasized in the management of urinait tnfections (UTI), a disease frequent in chilothoAn ideal test should
provide early diagnosis without the waiting timefsusine culture, but even a simple test of exclas@muld significantly
improve patient managemeMethods: We evaluated the sensitivity, specificity, negatand positive predictive value of urine
analysis, dipstick (leukocyte esterase and nitidtedl bacterial colony coumnh children with suspected UTI. Multivariable
logistic regression analysis was used to identify $et of variables that best predict positiveuraltresults and develop a
numerical risk scoreResults: Of 200 children were having symptoms of UTI, 93ld¢Hiad confirmed UTI with prevalence
46.5%. Parameters significantly associated withpitessence of infection in multivariable analysisrevage 9-12 years (p <
0.05), leukocyte esterase positive (p < 0.001jit@ipositive (p < 0.05), pus cell >10/HPF (p <%),0RBCs>10/HPF (p < 0.05)
and bacteria> 10”6 (p < 0.05).The derived score ranged from T/ tavith higher values indicating higher risk of UT
Conclusion: This routine method could improve the manageméd™ in children by early identifying patients Wwitlow
probability of infection, for which antibiotic trément can be withheld until the results of urintiune become available.
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1. Introduction

Urinary tract infection (UTI) is one of the mostromon Continuing efforts are spent in searching for akéve,
bacterial infections in infants and children anc tmost more rapid and still accurate tests. This is egplgci
common bacterial infection in infants under threenths. important in children, since both a delay in treamtnand the
(29). inappropriate administration of antibiotics can utesin

Although the diagnosis and treatment of urinarycttra potentially serious adverse effeqtal).
infections UTI are relatively straightforward, arde
proportion of the population may be unnecessarfyosed to 2 Patients & M ethods
antibiotics while waiting for the results of uricelture, with
implications for costs and antibiotic resistande). 2.1. Patients

In infants and young children, additional issuedide the
severity and/or lack of specificity of symptomse thigher
risk of side effects of antibiotics, and the posgib of

Two hundreds of children of both gender 91 malé&s4y
and 109 females (54%%15 years old, born and living in
kidney damage in case of inappropriate treatm@nhCulture Menoufiya governorate and attended to outpatiemniccbf

of urine is the reference standard for the diagnogiuTl. Berket Al Sabaa Hospital complaining of symptomsUdt
(23). were included in this study.
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This study was done from March 2013 to March 2014.

2.1.1. Inclusion Criteria
Children were selected in random way considereibleg
for the study as they met the following criteria:
1. Age <15 years old.
2. Children having symptoms of urinary tract infectiexy.
(dysuria, frequency and urgency)

2.1.2. Exclusion Criteria
1. Children under treatment of antibiotic.
2. Children have history of chronic renal disease.

An explanation of the purpose of the study to pereri
children included in the study was done and conseag
taken.

2.2. Methods

2.2.1. All the 200 Children Included in the Study were
Subjected to the Following

A. Full history taking.
B. Complete clinical examination.
C. Urine specimens collected then the following analys
were done on urine specimens:
* Routine urine analysis.
e Dipstick analysis for leucocyte esterase and aitrit
e Bacterial colony count.
e Urine culture.
Table 1. shows the formulation of the scoring system.
Therange The score
1-4 years 2
Age >4-9 years 1
>9-14 years 0
(0-10) 0
Pus cells (>10 - <100) 1
(> 100) 2
0-10 0
RBCs (L)
(>10) 1
(- VE) 0
Leukocyte esterase
(+VE) 1
: (- VE) 0
Nitrates
(+VE) 1
(0-10000) .
Bacterial colony count ity 1
Y <100.000) 5
>100.000

All investigations were made in outpatient laborgato

The following table shows the formulation of ouosng
system as age will be given a score as follow:dcei from
1-4 years will be given score 2, children from #ears will
be given a score 1, while children from 9-14 yeails be
given a score 0. According to pus cell cases thdlt (0-10)
will be given 0, while cases that had (10-100) wél given 1,
and cases that had (over 100) will be given 2. €ored to

RBCs cases who had (0-10) will be given 0, whilsesathat
had (more than 10) will be given 1. According to@Cases
who had (0-10000) will be given 0, cases who ha@D(D-
100000) will be given 1, and cases who had (moen th
100000) will be given 2. Concerned to LE negatiases will
be given 0, while LE positive cases will be given 1
Concerned to nitrite negative cases will be givenwaile
nitrite positive cases will be given 1.

2.2.2. Collection of Urine Samples

When collecting urine samples, two things mustdien
in accounts, the way of collecting urine and theetiuntil the
sample is teste(y).

According to NIHCE a midstream clean catch urine
sample is the recommended method for urine codlecti
Urine samples must be tested immediately afterectitin,
but if urine cannot be tested and cultured withihotirs of
collection, the sample should be refrigerated arserved
with boric acid(16).

Urine can be stored in the refrigerator for up #ohdurs
(20).

2.2.3. TheInvestigations

2.2.3.1. Microscopic Urine Examination

Urine samples from children were taken for analymis
microscopic examination. Urine samples were cadi@dhto
200-ml vessel, 10 ml of urine collected was centyéd in a
plastic centrifuge tube. Pouring off most of thepesunatant
and resuspend the sediment in the remaining sup@tna
Examining of one drop of the suspension (on slidejer a
light microscope. Red blood cell count or WBC ofHBF or
more reveals the presence of hematuria or pyurea.

2.2.3.2. Dipstick Analysis

Results of dipstick (Medi-Test, Combi 10 SGL) were
interpreted visually according to standard colart

The leukocyte esterase (LE):

This normally suggests inflammation of some softgero
from a urinary tract infection. A simple dipstickst as part of
a urinalysis can detect the presence of this enZ9jne

This test reveals the presence of granulocyteasssr The
esterases cleave a derivatizedpyrazole amino astier ¢o
liberate derivatizedhydroxypyrazole.Thispyrazolertheacts
with a diazonium salt to produce a purple coy.

The nitrite:

It is based on the ability of pathogens to redutate to
nitrite. It has sensitivity 60% although the spiedif is 100%
2.

Normal test is negative.

Any degree of uniform pink to red color that apgean
the test confirms the presence of nitrite, and catdis a
significant bacteriuiria. The color intensity istregnificant,
and is not proportional to the number of bacteriasent in
the urine sample.

Pink spots or pink edges were interpreted as ativega
result.

Urinary retention in the bladder (at least 4-8 Ispuand
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antibiotics were discontinued for at least 3 dagfote the
test was performed to obtain an accurate result.

2.2.3.3. Bacterial Colony Counting
The number of colonies is multiplied by the apprater
factor to give the colony count per mL uriri&?).

2.3. Statistical Analysis

Results were statistically analyzed by statistizatkage

SPSS version 16. Two types of statistics were done

Descriptive: Analytical:-One a way ANOVA (F testywskal
-Wallis test: Post hoc test: Chi-Squared Fishexacetest:

The presence of bacteria in a fresh, Gram-stainddann-Whitney test: Pearson's Correlation analyBiszalue

specimen of uncentrifuged urine correlates with TFUJs
per mL in culture. An “enhanced urinalysis,” comnihip the
counting chamber assessment of pyuria noted prslyiou
with Gram staining of drops of uncentrifuged urinéth a
threshold of at least 1 Gram-negative rod in 10rmoihersion
fields, has greater sensitivity, specificity, andsiive
predictive value than does the standard urinalgsis is the
preferred method of urinalysis when appropriateigant
and personnel are availab(&l).

Table 2. shows number of coloniesml urine (17)

Negative <10,000 colonies/ml

Intermediate 10,000-100,000 colonies/ml

Positive >100,000 colonies/ml

2.2.3.4. Urine Culture

Culture of the specimen: This procedure is usual
performed on plates of 5% sheep blood agar, whatkats
growth of most organisms, and on a plate of Mac@gnk
agar or other selective and differential medium igmation
of gram-negative organisms. Additionally, some lqibste
urine on colistin-nalidixic acid agar (CNA) or otheelective
medium for gram-positive bacteria. The plates acbated

significant difference if P <0.05 highly significadifference
if P <0.001

3. Results

This table shows the demographic distribution oé th
studied group as follow: the number of our patiemtés 200

child, (91) male and (109) female. We classify them

according to age into three groups. 1-4 years: 83es
(40.5%), 4-9 years: 87 cases (43.5%) and 9-14 y&#s
cases (16%).

Table 3. shows the demographic data of the studied children.

NO %

Sex

Male 91 45.5%
Female 109 54.5%
Age

1-4 years 81 40.5%
>4-9 years 87 43.5%
>9-14 years 32 16.0%
Total 200 100%

at 36°C for 18 to 24 hours and read for groy&h
The isolated microorganisms were identified by oglo

morphology, Gram stain as well as biochemical antVe reported that 107 cases had negative urine reultu

enzymatic reactions including catalase, ureaseguiase,
oxidase, bile solubility, carbohydrate fermentatieactions ,

This table shows the distribution of results oferculture.

(53.5%), while 93 cases had positive urine cul{d5%).

amino acid decarboxy'ation on tnp'e sugar iron ragaTab|e4. shows the distribution of the results of urine culture in our patients.

(TSI),lysine iron agar (LIA) and motility indole withine
(MIO) according to standard metho@.

A urine culture is a test to detect and identifgasisms
(usually bacteria) that causing a urinary traceéétibn (UT]I).
Urine culture results are usually ready in 1 toaysd The

NO %
) (- VE) 107 53.5
Urine culture
VE) 93 46.5
Total 200 100

urine must be cultured within one hour of collentid not
refrigerated. However, refrigerated samples magtbeed for
up to 24 hours before plating the sample. Uringucelis a
quantitative procedure. A calibrated inoculatingpdothat
holds 0.01 or 0.001 mL of urine is inserted veitjcato the
urine sample and used to transfer the urine te@dlestagar
plate. If urine is obtained by bladder puncturel, el is
transferred to the plate using a sterile p{pgt

This table shows the sensitivity, specificity, NPRPV,
True positive, true negative, false positive arldefanegative
for each test controlled by urine culture. We fouhdt the
sensitivity and specificity of pus cell were 87%da86%,
while LE and/or nitrite were 91% and 90%, BCC stvity
and specificity were 17% and 98%. RBCs sensitivitys
10%, while specificity was 99%.

Table 5. This table shows the sensitivity, specificity, NPV, PPV, True positive, true negative, false positive and false negative for each test controlled by urine

culture.
Sensitivity Specificity PPV NPV True False False True
Thetest (95% CI) (95% CI) (95% CI) (95% ClI) positives  positives  negatives  negatives
% % % % NO. NO. NO. NO
ég% ears 74[.64-.82] 53[.43-63] 58[.49-.67] 70[.59-.82] 69 50 24 57
y 25[.17-.35] 92[.84-.96] 72[.53-.86] 58[.50-.66] 23 9 70 98

>9-14 years
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Sensitivity Specificity PPV NPV True False False True
Thetest (95% ClI) (95% ClI) (95% ClI) (95% ClI) positives  positives  negatives  negatives
% % % % NO. NO. NO. NO
slBOCS 10[0.05-0.18] 99[0.94-1.00] 90[0.54-0.99] 56[0.48-0.63] 9 1 84 106
Efggegggco'ony count 1210.10-0.27] 98[0.93-1.00] 89[0.64-0.98] 58[0.50-0.65] 16 22 77 105
Pus cells
e 87[0.78-0.93] 96 [0.90-.99] 95[0.88-.98]  90[0.82-0.94] 81 4 12 103
Nitrates 30[0.21-0.41]  92[0.84-0.96] 76[0.58-0.88]  60[0.52-0.68] 28 65 98
Leukocyte estrate 87[0.78-0.93]  94[0.88-0.98] 93[0.85-0.97] 89[0.82-0.94] 81 6 12 101
LE and or nitrates 91[0.83-0.96] 90[0.82-0.95] 89[0.80-0.94] 92[0.85-0.96] 85 11 8 96
ROC Curve
1.0 =
2 Source of the
Curve
— age
— puscells

REBCs
=g
modifiedleuckocyte
-modifiednitrates
scre2

= 0.6
=
=
]
=
&
0.4
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Diagonal segments are produced by ties.

Figure 1. Receiver-Operating Characteristic (ROC) curves

This table shows sensitivity, specificity, Accurad@PV,
NPV of each cut off point, and we found that théoéfuypoint
(3) had the highest sensitivity (88%), specifici{92%),
Accuracy (90%), PPV (90%), and NPV (90%).

Table 6. shows sensitivity, specificity, Accuracy, PPV, NPV of each cutoff
point in relation to urine culture.

proportion of patients even lead to permanent reiaahage
and scarring (14).

Culture of urine is the reference standard fordiagnosis
of UTI (23), but continuing efforts are spent irasghing for
alternative, more rapid and still accurate testbisTis
especially important in children, since both a dela
treatment and the inappropriate administration rafbéotics

cutoff point ~ Sensitivity ~ Specificity ~ Accuracy PPV NPV can result in potentially serious adverse effe213.(
1 99% 47% 71% 62% 98% In this study 200 child 1-15yr 91 males (45%) ar@® 1
2 89% 79% 88% 81% 98% females (54%) attending in Berket Al Sabaa Hospital
3 88% 92% 90% 90%  90% complaining of urinary tract symptoms as (frequenigguria,
4 66% 98% 83% 9% 7% fever, and suprapubic pain) and had no antibidticS days
5 39% 99% 1% 97%  65% before collection of samples screened for UTI bynptete
6 17% =klie e 94% 58%  yrine analysis, dipstick and bacterial colony cotinén
U Gl 200 et 67% 54% _ confirmed by urine culture.
In our study urinary tract infection was prevalent
4. Discussion females than males where 57 females were posithaesc

UTIs are the most common bacterial infections ifaris
and young children, and can be associated with feghr
and poor general conditions (23).

(61.3%), while 36 males were positive cases (38.7%)

That result agreed also with Muoneke et al., 201 w
made a study which was a study conducted at thig€his
Emergency Unit and the Children’s Outpatient Dapartt of

The infection may involve the kidney, and in a dmalgponyi State University Teaching Hospital, Abakalik
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Ebonyi State,Nigeria. About one hundred and terepathat

attended to that center proved to have UTI. Theitiges

cases were 48 (42.8%) males and 64 (57.2%) females.
In contrary with our result, Rosa Luciano et aQ12made

was (81%).

According to our study, the sensitivity of RBCs urine
was (10%) and the specificity was 99%, PPV was (98atl
NPV was (56%) that disagreed with Brett White. 28fuidy

a study which was carried out at the Bambino Geswhich reported (47%) sensitivity, (78%) specificity

Children's Hospital, a tertiary pediatric hospigad clinical
research institute in Roma, Italy. We retrospetyiemalyzed
the data of 852 consecutive pediatric patientd4 years of
age) assessed for UTI in three periods: March—&dge

Other study like Rosa Luciano et al., 2011 studseed
with our study which found that the sensitivity RBCs in
urine was (10.1%) and the specificity was (96.3PBY was
(31.8%) and NPV was (86.3%).

2006, January—April 2007, and November—Decembei7 200 According to our study, leukocyte esterase (LE}s#Bfity

Both hospitalized patients, and children referred the
outpatient clinic of the Laboratory Unit were indkd. That
study showed that 32 female (13.9%) and 37 male4%apb
had positive urine culture, while 176 female (84)&d 229
male (86.1%) had negative urine culture.

In our study, according to age were 81 cases (40viidte
1-4 years, 87 cases (43.5%) were >9-14 years, 85q46%)
were >4-9 years. In 1-4 years age group 24 caesyd
had positive urine culture, while 57 cases (70.48a¢
negative urine culture. In 4-9 years age group 46es
(52.9%) had positive urine culture, while 41 ca§€s.1%)
had negative urine culture. In >9-14 years agemR&8icases
(71.9%) had positive urine culture, while 9 cas2&1%) had
negative urine culture.

Rosa Luciano et al., 2011 found in her study thusitive
cases from 1-4 years were 18 (13.1%) while negatases
119 (86.9%), positive cases from 5-9 years werd 2.306)
while negative cases 136 (87.6%), and positive scéisam
10-14 years were 8 (8.3%) while negative case988%).

In our study, the most common symptoms of urinaagtt
infection were frequency (46.4%) then dysurea (%),3
suprapubic pain (8.6%) and fever (4.7%).

was (87%), specificity was (94%), positive predietivalue
(PPV) was (93%), negative predictive value (NPV)swa
(89%), and nitrite sensitivity is (30%), specificivas (92%),
PPV was (93%), NPV was (89%), while leukocyte ester
(LE) and nitrite sensitivity was (91%), specificity
was(90%),PPV was (89%) and NPV was (92%).

Rosa Luciano et al., 2011 study found that leukecyt
esterase (LE) sensitivity was (49.3%), specificiyas
(87.9%), positive predictive value (PPV) was (43%),
negative predictive value (NPV) was (91.1%), anttitei
sensitivity is (18.8%), specificity was (100%), PRMas
(100%), NPV was (87.9%), while leukocyte esteraseg)(
and nitrite  sensitivity was (53.6%), specificity
was(87.9%),PPV was (43%) and NPV was (91.8%).

Yehezkel et al., 1999 study reported that leukoegterase
(LE) and nitrite sensitivity was (97.1%), specificiis
(82.5%), PPV is (69.4%) and NPV is (98.6%).

In our study cases that had bacterial colony cénam O-
104 were 112 cases (56%), from 104- 105 were 72scas
(36%), and more than 105 were 16 cases (16%).

Our study showed that sensitivity of bacterial ogl@ount
more than 105 was (17%), while the specificity Wa8%),

Muoneke et al., 2012 disagreed with our results sgho PPV was (89%), and NPV was (58%).
found that most common symptoms were fever (76.4%), Rosa Luciano et al., 2011 study used Microscopes IRI
vomiting (17.3%). diarrhea (16.4%), abdominal paindQ200 to detect bacterial count, and found theiseitg was

(11.8%), body/leg swelling (10%), hematuria (8.1%)suria
(5.5%), frequency (3.6%), weight loss (2.7%), flapdins
(2.7%), convulsion (2.7%) and headache (1.8%), thig
study included patients less than 2 years (yourtban
patients included in our study).

In our study we found that pus cells in relationutine
culture is valid in diagnosis of cases of UTI, whets
Sensitivity was 87%, specificity was 96%, PPV wa&d69
and NPV was 90%.

Rosa Luciano et al., 2011 found that validity ofmells in
relation to urine culture in diagnosis of cases Wfl,
Sensitivity was (30.4%), specificity was (94.6), \PWas
(48.8%), and NPV was (88.9%).

Kathy et al., 2001study agreed with our study ambrted
the sensitivity (82%) and specificity (87%) of pasll in
relation of urine culture.

However American academy of pediatrics, 2011, relor
thatthe sensitivity and specificity of pus cell ri@lation to
urine culture among patients with symptoms of usintaact
infection was (73%) and (81%).

(24.6%), specificity is (97.3%), PPV is (60.7%) axBV is
(88.3%) and that agreed with our study.

In our study all 200 cases had urine culture, ftbem 93
cases were positive while 107 cases were negalike.
positive cases were 36 male and 57 female, whike th
negative cases were 55 male and 52 female.

In our study we did a scoring system for our clafdwith
urinary tract infection depending on their resultfe choose
a cut-off point >3 because its sensitivity was (88%
specificity is (92%), PPV is (90%) and NPV is (90%)

Through the selection of different cut-off criterthe score
can be adapted to different clinical situations edgfing on
the relative benefits of maximizing sensitivity gpecificity.
The selection of a very low cut-off, basically asponding
to any of the variables included in the final modeling
positive, leads to 88% sensitivity and 90% negative
predictive value, allowing withholding treatment ¢hildren
scored negative pending culture results. In ouesesf 200
children with suspected UTI, such a procedure wavidid
unnecessary antibiotic administration in 109 cleildr A

Maria Bitsori and Emmanouil, 2012 study found thatigher cut-off (e.g> 4) leads to 98% specificity, increasing

sensitivity of pus cell (>5/hpf) was (73%), and #pecificity

the positive predictive value to 97% without largss of



6 Mohamed Hamed Bahbahal.: Development of a Score Based on Urinalysis tortwg the Management of Urinary Tract
Infection in Children

NPV (77%). The use of this strategy would avoid10]
unnecessary treatment in many non-infected children

Rosa Luciano et al., 2011study agreed with our ystud
which included 474 children with suspected UTI ashsa [11]
procedure avoided unnecessary antibiotic administran
292 children. In this study they selected a very kut-off,
basically corresponding to any of the variableduded in
the final model being positive, leads to 73.9% &ty and  [12]
94.2% negative predictive value. A higher cut-afg(> 4)
leads to 96.3% specificity, increasing the positivedictive [13]
value to 69.4% without large loss of NPV (91.8%).

So our conclusion is patient who takes a score Sane
should begin treatment before urine culture appedile
who takes a score less than 3 should not begitmiesa until
confirmatory urine culture appear.

[14]

[15]
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